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7KLV�UHSRUW�ZDV�SUHSDUHG�E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\
V��(3$
V��2IILFH�RI
$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV��2$436����

(3$�ZLVKHV�WR�WKDQN�WKH�DXWKRUV�IRU�WKH�WLPH�DQG�HIIRUW�WKH\�VSHQW�SUHSDULQJ�DQG�UHYLHZLQJ
WKH�GUDIWV�RI�WKH�GRFXPHQW���7KH�OHDG�FRQWULEXWRUV�WR�WKH�ZULWLQJ��HGLWLQJ��DQG�UHYLHZ�RI�WKLV
GRFXPHQW�ZHUH�PHPEHUV�RI�WKH�2$436
V�*UHDW�:DWHUV�7HDP���-RKQ�$FNHUPDQQ��0HOLVVD
0F&XOORXJK��(ULF�*LQVEXUJ��'LDQQH�%\UQH��DQG�/DXUHO�'ULYHU���5HFRJQL]LQJ�WKH�EUHDGWK�RI�WKH�WDVN
RI�SUHSDULQJ�WKLV�UHSRUW��2$436�ZRUNHG�ZLWK�LQGLYLGXDOV�LQ�(3$�RIILFHV�WR�FRRUGLQDWH�LQSXW�LQWR
WKH�UHSRUW���7KHVH�LQGLYLGXDOV�UHSUHVHQW�WKH��*UHDW�:DWHUV�&RUH�*URXS��DQG�LQFOXGH�WKH�IROORZLQJ
LQGLYLGXDOV���$QJHOD�%DQGHPHKU��5LFK�%DWLXN��*DU\�(YDQV��-LP�*LDWWLQD��0DUWKD�.HDWLQJ��0DJJLH
.HUFKQHU��9LUJLQLD�.LEOHU��&DUO�1DVK��'RULV�3ULFH��5R\�6PLWK��DQG�-RH�7RXPD��

,Q�DGGLWLRQ��VXEVWDQWLDO�UHYLHZ�RI�WKH�GRFXPHQW�DOVR�ZDV�SURYLGHG�E\�WKH�IROORZLQJ�(3$
RIILFHV���

&KHVDSHDNH�%D\�3URJUDP�2IILFH 2IILFH�RI�3ROLF\��3ODQQLQJ�DQG�(YDOXDWLRQ
*XOI�RI�0H[LFR�3URJUDP�2IILFH 2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW
*UHDW�/DNHV�1DWLRQDO�3URJUDP�2IILFH 2IILFH�RI�:DWHU
1DWLRQDO�+HDOWK�DQG�(QYLURQPHQWDO�(IIHFWV 5HJLRQ�,,
���5HVHDUFK�/DERUDWRU\ 5HJLRQ�9
2IILFH�RI�$LU�DQG�5DGLDWLRQ

7KH�IROORZLQJ�RUJDQL]DWLRQV�DOVR�KDYH�EHHQ�LQFOXGHG�LQ�UHYLHZ�RI�WKH�GRFXPHQW�

$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��(QYLURQPHQW�&DQDGD
&HQWUH�IRU�$WPRVSKHULF�5HVHDUFK�([SHULPHQWV��(QYLURQPHQW�&DQDGD
'HSDUWPHQW�RI�&RPPHUFH�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��12$$�
(QYLURQPHQWDO�'HIHQVH�)XQG
0DLQH�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ
0LFKLJDQ�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\
:LVFRQVLQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV
:LVFRQVLQ�(OHFWULF�3RZHU�&RPSDQ\�DQG�(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH

,Q�DGGLWLRQ��WKLV�GRFXPHQW�ZDV�UHYLHZHG�E\�D�SDQHO�RI�H[WHUQDO�VFLHQWLILF�H[SHUWV�ZKRVH
FRQVWUXFWLYH�FRPPHQWV�SURYLGHG�FULWLFDO�DVVLVWDQFH�LQ�LPSURYLQJ�WKH�VFLHQWLILF�SHUVSHFWLYH�RI�WKH
ILQDO�UHSRUW���7KHVH�H[SHUWV�LQFOXGH�

'U��$QGHUV�:��$QGUHQ 6HD�*UDQW�,QVWLWXWH��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ
'U��:LOOLDP�)��)LW]JHUDOG 'HSDUWPHQW�RI�0DULQH�6FLHQFHV��8QLYHUVLW\�RI�&RQQHFWLFXW
'U��/RXLV�-��*XLOOHWWH�-U� 'HSDUWPHQW�RI�=RRORJ\��8QLYHUVLW\�RI�)ORULGD
'U��+DQV�:��3DHUO ,QVWLWXWH�RI�0DULQH�6FLHQFHV��8QLYHUVLW\�RI�1RUWK�&DUROLQD

7KH�IROORZLQJ�LQGLYLGXDOV�DOVR�SURYLGHG�VSHFLILF�FRPPHQWV�RQ�WKH�GUDIW�GRFXPHQW���
0DU\�$QQ�$OODQ��5LFKDUG�$UW]��7HUU\�)��%LGOHPDQ��5RQD�%LUQEDXP��0DUW\�%XUNKROGHU��'DYLG
&OHYHUO\��(OOHQ�&RRWHU��&DURO\Q�&XUULQ��6WDQ�'XUNHH��'DYLG�:��(YDQV��7KHUHVD�)DEHU��3HWHU



)LQNHOVWHLQ��-LP�*DOORZD\��(OOHQ�+HDWK��6WHYHQ�)��+HGWNH��5RODQG�+HPPHWW��%UXFH�+LFNV��5D\PRQG
0��+RII��6X]DQQH�.LQJ��3HWHU�/DQGUXP��1DQF\�/DXUVRQ��6X]DQQH�0F0DVWHU��'DYLG�7��0LFKDXG�
7RGG�1HWWHVKHLP��(OOHQ�(��3DUU�'RHULQJ��-RQ�7D\ORU��0LNH�7KULIW��5LFN�7RQLHOOL��DQG�5LFKDUG
9DOLJXUD�

7HFKQLFDO�VXSSRUW�LQ�SUHSDULQJ�WKLV�GRFXPHQW�KDV�EHHQ�SURYLGHG�E\�,&)�.DLVHU�XQGHU��(3$
&RQWUDFW�1RV����'�������DQG���'���������7KH�HIIRUWV�RI�.DUHQ�*DQ�DQG�$QQH�&RZDQ�DUH
HVSHFLDOO\�DSSUHFLDWHG�

$SSUHFLDWLRQ�LV�JLYHQ�WR�DOO�RWKHUV�ZKR�KDYH�FRQWULEXWHG�WR�WKLV�UHSRUW�DQG�ZHUH
LQDGYHUWHQWO\�QRW�PHQWLRQHG�DERYH��
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7KLV�UHSRUW�LV�WKH�6HFRQG�5HSRUW�WR�&RQJUHVV�RQ�WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR
WKH�*UHDW�:DWHUV���6HFWLRQ�����RI�WKH�&OHDQ�$LU�$FW��&$$��SURYLGHV�WKH�OHJLVODWLYH�EDVLV�IRU
KD]DUGRXV�DLU�SROOXWDQW��+$3��SURJUDPV�GLUHFWHG�E\�WKH�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\
�(3$����,Q�UHVSRQVH�WR�PRXQWLQJ�HYLGHQFH�WKDW�DLU�SROOXWLRQ�FRQWULEXWHV�WR�ZDWHU�SROOXWLRQ��&RQJUHVV
LQFOXGHG�VHFWLRQ�����P���$WPRVSKHULF�'HSRVLWLRQ�WR�*UHDW�/DNHV�DQG�&RDVWDO�:DWHUV��LQ�WKH������&$$��
8QGHU�WKLV�VWDWXWH��(3$�LV�UHTXLUHG�WR�SHULRGLFDOO\�UHSRUW�WR�&RQJUHVV�RQ�WKH�UHVXOWV�RI�WKLV�SURJUDP��
&RQFXUUHQW�ZLWK�WKH�6HFRQG�5HSRUW�WR�&RQJUHVV��(3$�LV�WR�GHWHUPLQH�WKH�DGHTXDF\�RI�VHFWLRQ����
WR�SUHYHQW�DGYHUVH�HIIHFWV�WR�SXEOLF�KHDOWK�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO�HIIHFWV
DVVRFLDWHG�ZLWK�DWPRVSKHULF�GHSRVLWLRQ�RI�+$3V�WR�WKH�*UHDW�:DWHUV�

+RZ�GRHV�WKLV�UHSRUW�GLIIHU�IURP�WKH������5HSRUW�WR�&RQJUHVV"

7KH�)LUVW�5HSRUW�WR�&RQJUHVV�SUHVHQWHG�LQIRUPDWLRQ�DERXW�WKH�KHDOWK�DQG�HQYLURQPHQWDO
HIIHFWV�DVVRFLDWHG�ZLWK�WKH�SROOXWDQWV�RI�FRQFHUQ��UHODWLYH�DWPRVSKHULF�ORDGLQJV��DQG�WKH�SRWHQWLDO
VRXUFHV�RI�WKHVH�ORDGLQJV���7KH�FXUUHQW�UHSRUW�GRFXPHQWV�ILQGLQJV�VLQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV
DQG�GHVFULEHV�UHFHQW�SURJUHVV�LQ�WKHVH�LVVXHV���7KLV�UHSRUW�SODFHV�HPSKDVLV�RQ�ORFDO�DQG�IHGHUDO
DFWLYLWLHV��LQFOXGLQJ�PDQ\�WKDW�VXSSRUW�VHFWLRQ�����P��GLUHFWLYHV��WDNLQJ�SODFH�DW�VSHFLILF�ZDWHUERGLHV
VXFK�DV�WKH�*UHDW�/DNHV��/DNH�&KDPSODLQ��DQG�&KHVDSHDNH�%D\��DV�ZHOO�DV�FRDVWDO�HVWXDULHV
GHVLJQDWHG�WKURXJK�WKH�1DWLRQDO�(VWXDU\�3URJUDP�DQG�1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP��
'XH�WR�WKH�VKRUW�WLPH�SHULRG�VLQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��PXFK�RI�WKH�UHVHDUFK�GDWD�FROOHFWHG
GXULQJ�WKLV�WLPH�DUH�VWLOO�LQ�WKH�SURFHVV�RI�EHLQJ�DQDO\]HG��KRZHYHU��WKH�REMHFWLYHV�DQG�VWDWXV�RI�WKHVH
HIIRUWV�DUH�GHVFULEHG�LQ�WKH�UHSRUW���)XUWKHUPRUH��WKLV�UHSRUW�GRHV�QRW�DVVHVV�WKH�OLQNDJH�EHWZHHQ�WKH
SRWHQWLDO�VRXUFHV��ORDGLQJV��DQG�HIIHFWV�RI�SROOXWDQWV�RI�FRQFHUQ�EHFDXVH��DV�LQ�WKH�)LUVW�5HSRUW�WR
&RQJUHVV��WKH�VFLHQWLILF�LQIRUPDWLRQ�LV�FXUUHQWO\�QRW�VXIILFLHQWO\�FRPSOHWH���$V�VXFK��XQDQVZHUHG
TXHVWLRQV�VWLOO�UHPDLQ�DV�ZHOO�DV�XQFHUWDLQWLHV�IRU�VRPH�LVVXHV���7KLV�UHSRUW�SURSRVHV�D�QXPEHU�RI
IXWXUH�GLUHFWLRQV�WR�UHGXFH�XQFHUWDLQW\�LQ�VHYHUDO�DUHDV�

%HFDXVH�WKLV�UHSRUW�LV�DQ�XSGDWH�RI�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�LQIRUPDWLRQ�SUHVHQWHG
KHUH�FDQQRW�EH�XVHG�DORQH�WR�GHYHORS�UHFRPPHQGDWLRQV�UHJDUGLQJ�DWPRVSKHULF�GHSRVLWLRQ�RI
SROOXWDQWV�WR�WKH�*UHDW�:DWHUV���5DWKHU��WKH�VFLHQWLILF�LQIRUPDWLRQ�VXPPDUL]HG�LQ�WKLV�UHSRUW�
WRJHWKHU�ZLWK�WKH�ILQGLQJV�DQG�UHFRPPHQGDWLRQ�LGHQWLILHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��FDQ�EH
XVHG�WR�DVVHVV�WKH�H[WHQW�RI�SURJUHVV�DV�D�UHVXOW�RI�UHFRPPHQGDWLRQV�IURP�WKH�)LUVW�5HSRUW�WR
&RQJUHVV�DQG�WR�GHWHUPLQH�ZKDW�JDSV�LQ�LQIRUPDWLRQ�VWLOO�H[LVW���

+DV�WKH�OLVW�RI�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ�FKDQJHG"�

7KH�SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV�KDYH�QRW�FKDQJHG�VLQFH�WKH�)LUVW�5HSRUW�WR
&RQJUHVV���7KH�OLVW�FRQVLVWV�RI����SROOXWDQWV��VHH�VLGHEDU�RQ�QH[W�SDJH��LQFOXGLQJ�SHVWLFLGHV��PHWDO
FRPSRXQGV��FKORULQDWHG�RUJDQLF�FRPSRXQGV��DQG�QLWURJHQ�FRPSRXQGV���7KHVH�SROOXWDQWV�KDYH�EHHQ
VHOHFWHG�EDVHG�RQ�LQIRUPDWLRQ�UHJDUGLQJ�WKHLU�KHDOWK�DQG�HQYLURQPHQWDO�HIIHFWV�DQG�HYLGHQFH�WKDW
WKH\�DUH�DWPRVSKHULFDOO\�GHSRVLWHG�WR�WKH�*UHDW�:DWHUV���0RVW�DUH�ELRDFFXPXODWLYH�FKHPLFDOV�WKDW
SHUVLVW�LQ�WKH�HQYLURQPHQW�IRU�ORQJ�SHULRGV���0DQ\�RI�WKHVH�SROOXWDQWV�DUH�OLVWHG�DV�FKHPLFDOV�RI
FRQFHUQ�RQ�WR[LFV�OLVWV�IRU�LQGLYLGXDO�ZDWHUERGLHV�DW�WKH�ORFDO�DQG�VWDWHZLGH�OHYHO���
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The 15 Great Waters
Pollutants of Concern

Cadmium and cadmium compounds
Chlordane
DDT/DDE
Dieldrin
Hexachlorobenzene (HCB)
�-Hexachlorocyclohexane (�-HCH)
Lindane (�-hexachlorocyclohexane; �-HCH)
Lead and lead compounds
Mercury and mercury compounds
Polychlorinated biphenyls (PCBs)
Polycyclic organic matter (POM)
Tetrachlorodibenzo-p-dioxin (TCDD; dioxins)
Tetrachlorodibenzofuran (TCDF; furans)
Toxaphene
Nitrogen compounds
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:KDW�DUH�WKH�HQYLURQPHQWDO�DQG�
SXEOLF�KHDOWK�HIIHFWV�RI�WKH�
SROOXWDQWV�RI�FRQFHUQ�WR�WKH�*UHDW�
:DWHUV"

5HFHQW�VFLHQWLILF�LQIRUPDWLRQ�FRQILUPV
DGYHUVH�HIIHFWV�GDWD�SUHVHQWHG�LQ�WKH�)LUVW
5HSRUW���7KH�SROOXWDQWV�DUH�DVVRFLDWHG�ZLWK
GHOHWHULRXV�HIIHFWV�RQ�PDQ\�WDUJHW�RUJDQV�LQ
KXPDQV�DQG�DQLPDOV��LQFOXGLQJ�WKH�OLYHU��NLGQH\�
QHUYRXV�V\VWHP��HQGRFULQH�V\VWHP��UHSURGXFWLYH
RUJDQV��DQG�LPPXQRORJLFDO�V\VWHP���)HZ�QHZ
GHYHORSPHQWV�KDYH�RFFXUUHG�LQ�WKLV�DUHD�
DOWKRXJK�WKHUH�LV�D�JURZLQJ�LQWHUHVW�DERXW�WKH
SRWHQWLDO�IRU�VRPH�SROOXWDQWV�WR�DFW�RQ�DQG
GLVUXSW�WKH�HQGRFULQH�V\VWHP�LQ�ZLOGOLIH�DQG
SRVVLEO\�LQ�KXPDQV���

$V�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�WKH
SROOXWDQWV�DQG�VXEVHTXHQW�H[SRVXUH�WR�SRWHQWLDO�KXPDQ�KHDOWK�DQG�HFRORJLFDO�HIIHFWV�FDQQRW�EH
TXDQWLILHG�DW�WKLV�WLPH���3ROOXWDQWV�GHSRVLWHG�IURP�WKH�DLU�GLUHFWO\�LQWR�D�ZDWHUERG\�PD\�KDYH�URXWHV
RI�H[SRVXUH�WR�DTXDWLF�OLIH�WKDW�GLIIHU�IURP�H[SRVXUH�E\�ZDWHUERUQH�LQSXWV��KRZHYHU��WKHUH�DUH�IHZ
VWXGLHV�DYDLODEOH�WR�DGGUHVV�WKLV�LVVXH���7KHUH�LV�FXUUHQWO\�QR�LQIRUPDWLRQ�WR�VXJJHVW�WKDW�HIIHFWV
SURGXFHG�E\�SROOXWDQWV�GHSRVLWHG�IURP�WKH�DLU�ZLOO�EH�GLIIHUHQW�IURP�HIIHFWV�E\�WKHVH�SROOXWDQWV
FDUULHG�LQ�ZDWHU�RU�IRXQG�LQ�VHGLPHQW���&RQWDPLQDWLRQ�LQ�ILVK�FDQ�HQWHU�WKH�GLHW�RI�KXPDQV�DQG�RWKHU
DQLPDOV�DQG��WKHUHIRUH��ILVK�HDWLQJ�ELUGV�RU�PDPPDOV�DUH�HVSHFLDOO\�DW�ULVN�IURP�SROOXWDQWV�WKDW
ELRPDJQLI\�EHFDXVH�WKH\�DUH�H[SRVHG�WR�FRQFHQWUDWHG�OHYHOV�RI�WKHVH�SROOXWDQWV���(YDOXDWLRQ�RI
SRWHQWLDO�KXPDQ�KHDOWK�HIIHFWV�RI�SROOXWDQWV�RI�FRQFHUQ�LV�EDVHG�DOPRVW�FRPSOHWHO\�RQ�ODERUDWRU\
VWXGLHV�LQ�DQLPDOV���7KH�GDWD�IURP�WKHVH�VWXGLHV�PD\�EH�H[WUDSRODWHG�WR�DVVHVV�SRWHQWLDO�DGYHUVH
HIIHFWV�LQ�KXPDQV��KRZHYHU��XQFHUWDLQWLHV�PD\�H[LVW�DV�WR�WKH�H[SRVXUH�OHYHOV�DW�ZKLFK�WKHVH�SRWHQWLDO
HIIHFWV�PD\�RFFXU���$WPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�FRPSRXQGV�FDQ�FRQWULEXWH�VLJQLILFDQWO\�WR
HXWURSKLFDWLRQ�LQ�FRDVWDO�ZDWHUV��ZKHUH�SODQW�SURGXFWLYLW\�LV�XVXDOO\�OLPLWHG�E\�QLWURJHQ�DYDLODELOLW\��
$FFHOHUDWHG�HXWURSKLFDWLRQ�DQG�LWV�VXEVHTXHQW�HIIHFWV�VXFK�DV�QXLVDQFH�DOJDO�EORRPV�DQG�UHGXFHG
R[\JHQ�OHYHOV�SRVH�VLJQLILFDQW�SUREOHPV�IRU�&KHVDSHDNH�%D\�DQG�PDQ\�RWKHU�HVWXDULHV��

'R�ZDWHU�TXDOLW\�H[FHHGDQFHV�RU�ILVK�DGYLVRULHV�FRQWLQXH�WR�RFFXU�DV�D�UHVXOW�
RI�SROOXWLRQ�ORDGLQJV�WR�WKH�*UHDW�:DWHUV"

&XUUHQW�ZDWHU�TXDOLW\�FULWHULD�H[FHHGDQFHV�DQG�ILVK�DGYLVRULHV�VXJJHVW�WKDW�WR[LF
FRQWDPLQDWLRQ�E\�SHUVLVWHQW�WR[LFV�LV�SUHVHQW�LQ�WKH�*UHDW�:DWHUV���7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�ZDWHU�TXDOLW\�H[FHHGDQFHV�DQG�FRQWDPLQDQW�OHYHOV�LQ�ILVK�LV�QRW�NQRZQ�DW�WKLV�WLPH��
0RUH�LQIRUPDWLRQ�RQ�UHODWLYH�ORDGLQJV�RI�SROOXWDQWV�LV�QHHGHG�WR�DVVHVV�WKH�H[WHQW�RI�FRQWDPLQDWLRQ
DWWULEXWHG�WR�DWPRVSKHUH�

:DWHU�TXDOLW\�FULWHULD�KDYH�EHHQ�GHYHORSHG�VSHFLILFDOO\�IRU�WKH�*UHDW�/DNHV��DQG�H[FHHGDQFHV
RI�WKHVH�FULWHULD�FRQWLQXH�WR�RFFXU���5HFHQW�LQIRUPDWLRQ�LV�DYDLODEOH�IRU�VRPH�SROOXWDQWV��DQG�LQ
JHQHUDO��WKHVH�H[FHHGDQFHV�KDYH�GHFOLQHG�LQ�UHFHQW�\HDUV���)LVK�DGYLVRULHV�WKDW�DUH�LVVXHG�E\�VWDWHV�IRU
LQGLYLGXDO�SROOXWDQWV�SURYLGH�TXDOLWDWLYH�LQIRUPDWLRQ�DERXW�SRWHQWLDO�H[SRVXUH�DQG�WKH�H[WHQW�RI
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FRQWDPLQDWLRQ�LQ�D�ZDWHUERG\���3&%V�DUH�PRVW�FRPPRQO\�WKH�IRFXV�RI�ILVK�DGYLVRULHV�LVVXHG�LQ�WKH
*UHDW�:DWHUV�DQG�WKHLU�EDVLQV��ZLWK�GLR[LQV�KDYLQJ�WKH�QH[W�KLJKHVW�RFFXUUHQFH�RI�DGYLVRULHV��
(OHYDWHG�OHYHOV�LQ�ILVK�RI�RWKHU�SROOXWDQWV��VXFK�DV�FKORUGDQH�DQG�PHUFXU\��DOVR�KDYH�ZDUUDQWHG�ILVK
DGYLVRULHV�LQ�PDQ\�VWDWHV�DURXQG�WKH�*UHDW�:DWHUV���

:KDW�LV�FXUUHQWO\�NQRZQ�DERXW�WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�WKH�SROOXWDQWV�
RI�FRQFHUQ�WR�WKH�*UHDW�:DWHUV"

7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�RYHUDOO�SROOXWDQW�ORDGLQJV�LQ�WKH�*UHDW�:DWHUV
FRQWLQXHV�WR�EH�VWXGLHG���$WPRVSKHULF�ORDGLQJV�RI�SROOXWDQWV�UHVXOW�IURP�ZHW�GHSRVLWLRQ�DQG�GU\
SDUWLFOH�GHSRVLWLRQ�DQG�WKURXJK�DLU�ZDWHU�JDV�H[FKDQJH���'HVFULEHG�LQ�WKLV�UHSRUW�DUH�PRQLWRULQJ�DQG
PRGHOLQJ�VWXGLHV�UHOHYDQW�WR�DWPRVSKHULF�GHSRVLWLRQ�WKDW�DUH�FXUUHQWO\�WDNLQJ�SODFH�DW�WKH�PDMRU
ZDWHUERGLHV�RI�WKH�*UHDW�:DWHUV���

5HFHQW�DWPRVSKHULF�PRQLWRULQJ�GDWD�IURP�D�ELQDWLRQDO�PRQLWRULQJ�QHWZRUN�DVVHVVLQJ�WUHQGV
RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�/DNHV�UHJLRQ�LQGLFDWH�WKDW�DWPRVSKHULF�OHYHOV�RI�WR[LF
SROOXWDQWV�DUH�GHFOLQLQJ�VOLJKWO\�RU�OHYHOLQJ�RII�DQG�UHPDLQ�D�VLJQLILFDQW�FRQFHUQ�LQ�WKH�*UHDW�/DNHV��
6HYHUDO�UHFHQW�DFWLYLWLHV�LQ�WKH�*UHDW�/DNHV�KDYH�EHHQ�LQLWLDWHG�WR�FKDUDFWHUL]H�DQG�UHGXFH�WR[LF
FRQWDPLQDWLRQ�DQG�GHSRVLWLRQ�WR�WKHVH�ZDWHUV���,Q�WKH�/DNH�&KDPSODLQ�EDVLQ��UHVHDUFK�RQ
DWPRVSKHULF�ORDGLQJ�RI�PHUFXU\�LV�FXUUHQWO\�XQGHUZD\�LQ�WKH�EDVLQ���(DUO\�GDWD�VKRZ�WKDW
DWPRVSKHULF�PHUFXU\�OHYHOV�DQG�GHSRVLWLRQ�DUH�FRPSDUDEOH�WR�WKRVH�PHDVXUHG�DURXQG�WKH�*UHDW
/DNHV��

1LWURJHQ�DQG�WR[LF�FRQWDPLQDQWV�DUH�D�FRQFHUQ�LQ�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�ZDWHUV��
([FHVVLYH�QLWURJHQ�ORDGLQJ�FDQ�DFFHOHUDWH�HXWURSKLFDWLRQ�DQG�LWV�DGYHUVH�HIIHFWV��VXFK�DV�QXLVDQFH
DOJDO�EORRPV�DQG�ILVK�NLOOV���6XEVWDQWLDO�SURJUHVV�KDV�EHHQ�PDGH�LQ�DGGUHVVLQJ�QLWURJHQ
FRQWDPLQDWLRQ�LVVXHV�LQ�&KHVDSHDNH�%D\��WKH�ODUJHVW�8�6��HVWXDU\���$�VWUDWHJ\�KDV�EHHQ�GHYHORSHG�E\
WKH�&KHVDSHDNH�%D\�3URJUDP�IRU�UHGXFLQJ�WKH�QLWURJHQ�ORDG�WR�WKH�%D\���3DUW�RI�WKLV�SURFHVV
LQFOXGHV�WKH�ODUJH�VFDOH�PRGHOLQJ�DQG�XQGHUVWDQGLQJ�RI�WKH�W\SH�DQG�JHRJUDSKLF�RULJLQ�RI�DLUERUQH
QLWURJHQ�WR�WKH�%D\���6LJQLILFDQW�GDWD�DOVR�KDYH�EHHQ�FROOHFWHG�RQ�UDWHV�DQG�DPRXQWV�RI�QLWURJHQ
GHSRVLWLRQ��LQFOXGLQJ�FRPSDULVRQ�RI�GLUHFW�DQG�LQGLUHFW�GHSRVLWLRQ�DQG�RI�ZHW�DQG�GU\�GHSRVLWLRQ��
DQG�PRGHOV�KDYH�EHHQ�GHYHORSHG�WR�HYDOXDWH�WKH�LPSDFW�RI�VHYHUDO�QLWURJHQ�UHGXFWLRQ�VFHQDULRV�RQ
WKH�%D\
V�ZDWHU�TXDOLW\��

6LQFH�WKH�)LUVW�5HSRUW�WR�&RQJUHVV��VWXGLHV�RI�RWKHU�FRDVWDO�ZDWHUV��DW�1DWLRQDO�(VWXDU\
3URJUDP�ZDWHUV�LQ�SDUWLFXODU��KDYH�LQYHVWLJDWHG�WKH�VLJQLILFDQFH�RI�DWPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ�FRPSRXQGV�WR�WKHLU�ZDWHUV���7R�LPSURYH�XQGHUVWDQGLQJ�DQG�UHGXFWLRQ�RI�QLWURJHQ
GHSRVLWLRQ�WR�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�ZDWHUV��WKH�&KHVDSHDNH�%D\�3URJUDP��YDULRXV
1DWLRQDO�(VWXDU\�3URJUDPV��DQG�WKH�*XOI�RI�0H[LFR�3URJUDP�FRQWLQXH�WR�GHYHORS�DQG�UHILQH
PRGHOLQJ�DQG�PRQLWRULQJ�HIIRUWV�E\�DGGUHVVLQJ�XQFHUWDLQWLHV�VXFK�DV�QLWURJHQ�UHWHQWLRQ�LQ
ZDWHUVKHGV��WKH�GLIIHUHQFHV�LQ�WUDQVSRUW�DQG�IDWH�RI�YDULRXV�QLWURJHQ�FRPSRXQGV��DQG�WKH
FRQWULEXWLRQ�RI�QHDUVKRUH�RFHDQ�ZDWHUV�WR�WKH�QLWURJHQ�LQSXWV�WR�HVWXDULHV�

:KDW�LV�FXUUHQWO\�NQRZQ�DERXW�WKH�VRXUFHV�RI�DWPRVSKHULF�SROOXWDQW�
GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV"

%RWK�ORFDO�DQG�ORQJ�UDQJH�HPLVVLRQ�VRXUFHV�FRQWULEXWH�WR�DWPRVSKHULF�GHSRVLWLRQ�LQ�WKH
*UHDW�:DWHUV���(PLVVLRQ�LQYHQWRULHV�RQ�VSHFLILF�VRXUFHV�RI�WKH�SROOXWDQWV�RI�FRQFHUQ�DUH�DFWLYHO\
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EHLQJ�GHYHORSHG�DQG�HIIRUWV�WR�JDWKHU�PRUH�LQIRUPDWLRQ�RQ�WKH�SRWHQWLDO�VRXUFHV�RI�FRQWDPLQDWLRQ
FRQWLQXH���)RU�H[DPSOH��(3$�UHFHQWO\�FRPSOHWHG�D�QDWLRQDO�HPLVVLRQV�LQYHQWRU\�RI�NQRZQ�8�6�
VRXUFHV�RI�VHYHQ�KD]DUGRXV�SROOXWDQWV�RI�FRQFHUQ�OLVWHG�XQGHU�&$$�VHFWLRQ�����F�������,GHQWLILFDWLRQ
RI�WKH�VRXUFHV�IRU�WRWDO�HPLVVLRQV�RI�WKHVH�SROOXWDQWV�LV�OHDGLQJ�WR�DQ�HYDOXDWLRQ�RI�WKH�VWDWLRQDU\�
DQWKURSRJHQLF�VRXUFH�FDWHJRULHV�WR�GHWHUPLQH�ZKHWKHU�WKH\�DUH�FXUUHQWO\�UHJXODWHG�RU�VFKHGXOHG�IRU
UHJXODWLRQ�XQGHU�WKH�&$$���6RPH�SHUVLVWHQW�SROOXWDQWV�DUH�QR�ORQJHU�SURGXFHG�WKURXJK�KXPDQ
DFWLYLWLHV�EXW�PD\�FRQWLQXH�WR�DIIHFW�WKH�*UHDW�:DWHUV�HQYLURQPHQW�WKURXJK�UHOHDVHV�IURP�H[LVWLQJ
HTXLSPHQW�DQG�UHSHDWHG�F\FOLQJ�EHWZHHQ�WKH�DWPRVSKHUH��ODQG��DQG�ZDWHUERGLHV���

8QGHUVWDQGLQJ�DWPRVSKHULF�SURFHVVHV�LV�QHFHVVDU\�IRU�DQDO\]LQJ�WKH�UHODWLRQVKLSV�EHWZHHQ
VRXUFH�HPLVVLRQV��UHODWLYH�ORDGLQJV��DQG�WKH�SRWHQWLDO�IRU�DGYHUVH�HIIHFWV�LQ�KXPDQV�DQG�WKH
HQYLURQPHQW���%HFDXVH�LW�LV�RIWHQ�GLIILFXOW�WR�HVWDEOLVK�WKHVH�UHODWLRQVKLSV�FOHDUO\�DQG�TXDQWLWDWLYHO\
WKURXJK�DYDLODEOH�PHDVXUHPHQW�GDWD��H�J���LW�FDQ�EH�GLIILFXOW�WR�GLIIHUHQWLDWH�EHWZHHQ�WKH�FRQWULEXWLRQ
RI�GLVWDQW�YHUVXV�ORFDO�VRXUFHV�WR�WKH�ORDGLQJ�RI�D�SROOXWDQW�WR�D�SDUWLFXODU�ZDWHUERG\���LQYHVWLJDWRUV
IUHTXHQWO\�XVH�PDWKHPDWLFDO�PRGHOV�RI�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ���7KLV�UHSRUW�SUHVHQWV
WKH�DSSOLFDWLRQ�RI�VHYHUDO�DWPRVSKHULF�WUDQVSRUW�DQG�GHSRVLWLRQ�PRGHOV�WR�WKH�*UHDW�:DWHUV�DQG
KRZ�WKHVH�PRGHOV�FRPSDUHG�WR�DFWXDO�GDWD�IURP�WKH�ZDWHUERGLHV���([WHQVLYH�PRGHOLQJ�RI�QLWUDWH
HPLVVLRQV�DQG�WUDQVSRUW�WKDW�FDQ�GHSRVLW�WR�&KHVDSHDNH�%D\�KDV�FDOFXODWHG�WKH��DLUVKHG��RI�GLVWDQW
DV�ZHOO�DV�ORFDO�VRXUFHV�

:KDW�DUH�(3$
V�FXUUHQW�FRQFOXVLRQV�IURP�WKLV�6HFRQG�5HSRUW�WR�&RQJUHVV"�

7KH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�UHSRUW�DGYDQFHV�VFLHQWLILF�NQRZOHGJH�RQ�LVVXHV�UHODWHG�WR
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV�DQG�FRQILUPV�WKH�ILQGLQJV�DQG�FRQFOXVLRQV
SUHVHQWHG�LQ�WKH�)LUVW�5HSRUW�WR�&RQJUHVV���,Q�JHQHUDO��FRQFHQWUDWLRQV�RI�VRPH�SHUVLVWHQW�SROOXWDQWV
LQ�WKH�*UHDW�/DNHV��DV�PRQLWRUHG�E\�VDPSOH�PHDVXUHPHQWV�RI�FRQWDPLQDQW�OHYHOV�LQ�WKH�DLU��ZDWHU�
DQG�ELRWD��DSSHDU�WR�KDYH�OHYHOHG�RII�RU�GHFOLQHG�RQO\�VOLJKWO\�LQ�UHFHQW�\HDUV�

(3$�DOVR�KDV�LVVXHG�GUDIW�GHWHUPLQDWLRQV�WKDW�WKH�SURYLVLRQV�RI�&$$�VHFWLRQ�����DUH
DGHTXDWH�WR�SUHYHQW�VHULRXV�DGYHUVH�KXPDQ�KHDOWK�HIIHFWV�DQG�VHULRXV�RU�ZLGHVSUHDG�HQYLURQPHQWDO
HIIHFWV�DV�D�UHVXOW�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�+$3V�HPLWWHG�E\�GRPHVWLF�VWDWLRQDU\�VRXUFHV���$W
WKLV�WLPH��(3$�EHOLHYHV�WKDW�WKHUH�LV�QR�LQIRUPDWLRQ�WR�VXJJHVW�WKDW�DGGLWLRQDO�UHJXODWLRQV�EH\RQG
WKRVH�DXWKRUL]HG�RU�UHTXLUHG�E\�VHFWLRQ�����DUH�QHFHVVDU\�RU�DSSURSULDWH�WR�SUHYHQW�VXFK�HIIHFWV��
7KH�GUDIW�GHWHUPLQDWLRQV�ZLOO�EH�LVVXHG�IRU�SXEOLF�QRWLFH�DQG�FRPPHQW�E\�-XQH�����������DQG�ILQDO
GHWHUPLQDWLRQV�ZLOO�EH�PDGH�E\�0DUFK�����������

:KDW�IXWXUH�GLUHFWLRQV�PD\�EH�WDNHQ�E\�(3$�WR�VXSSRUW�VHFWLRQ�����P�"��

'HVFULEHG�WKURXJKRXW�WKH�UHSRUW�DUH�DFWLYLWLHV�WKDW�KDYH�LQFUHDVHG�RXU�NQRZOHGJH�RI
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*UHDW�:DWHUV��$V�QHZ�LQIRUPDWLRQ�EHFRPHV�DYDLODEOH�RQ
DWPRVSKHULF�SROOXWDQW�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��DGGLWLRQDO�TXHVWLRQV�RU�LVVXHV�DUH�H[SHFWHG�WR
DULVH�WKDW�ZLOO�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQ�RU�DFWLRQ���$W�WKLV�WLPH��(3$�KDV�LGHQWLILHG�WKH�IROORZLQJ
DUHDV�ZKHUH�LQIRUPDWLRQ�LV�OLPLWHG�DQG�VRPH�VSHFLILF�VWHSV�WKDW�QHHG�WR�EH�WDNHQ�WR�DGYDQFH�RXU
XQGHUVWDQGLQJ�RI�LVVXHV�UHOHYDQW�WR�WKH�*UHDW�:DWHUV�SURJUDP�

� 'HILQH�DQG�SURFHHG�ZLWK�PDQDJHPHQW�DQG�UHJXODWRU\�DFWLRQV�IRU�*UHDW�:DWHUV
SROOXWDQWV�RI�FRQFHUQ��ZLWK�D�SDUWLFXODU�IRFXV�JLYHQ�WR�SROOXWDQWV�FXUUHQWO\�EHLQJ
HPLWWHG�WR�WKH�DLU�IURP�VRXUFHV�WKDW�FDQ�EH�VXEMHFW�WR�UHJXODWLRQV�XQGHU�WKH�&$$��IRU
H[DPSOH��WKH�VHYHQ�SROOXWDQWV�RI�FRQFHUQ�LQ�VHFWLRQ�����F������
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� &RQWLQXH�WR�VXSSRUW�PRQLWRULQJ�DQG�UHVHDUFK�HIIRUWV�RQ�GHSRVLWLRQ�WR�PDNH
LQIRUPHG�PDQDJHPHQW�GHFLVLRQV�DQG�WR�WUDFN�UHGXFWLRQV�

� 3HUIRUP�H[SRVXUH�DQG�HIIHFWV�VWXGLHV�WKDW�ZLOO�EXLOG�RQ�WKH�UHFHQW�*UHDW�/DNHV�:DWHU
4XDOLW\�&ULWHULD��ZKLFK�FRQVLGHU�ELRPDJQLILFDWLRQ���7KHVH�VWXGLHV�ZLOO�EH�FRRUGLQDWHG
ZLWK�DQ�LQWHJUDWHG�UHVHDUFK�VWUDWHJ\�RQ�WKH�SHUVLVWHQW�SROOXWDQWV��WKHLU�GLVWULEXWLRQ
DQG�FRQFHQWUDWLRQV��H[SRVXUH�URXWHV��DQG�DVVRFLDWHG�HIIHFWV�

� ,PSURYH�PRGHOLQJ�HIIRUWV�WR�HVWLPDWH�DWPRVSKHULF�ORDGLQJV�WR�*UHDW�:DWHUV���)RU
H[DPSOH��DGDSW�DQG�DSSO\�WKH�FRPSUHKHQVLYH�DSSURDFK�GHYHORSHG�IRU�WKH�/DNH
0LFKLJDQ�0DVV�%DODQFH�0RGHO�WR�DGGLWLRQDO�ZDWHUERGLHV�

� ,QFUHDVH�HIIRUWV�WR�LGHQWLI\�VSHFLILF�HPLVVLRQV�VRXUFHV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR
WKH�*UHDW�:DWHUV��ERWK�QHDUE\�DQG�UHODWLYHO\�GLVWDQW�IURP�WKH�ZDWHUERG\��WR�GHYHORS
ULVN�PDQDJHPHQW�VWUDWHJLHV��DV�ZHOO�DV�LQYHVWLJDWH�WKH�LPSDFW�IURP�F\FOLQJ�RI
SROOXWDQWV�WKDW�DUH�QR�ORQJHU�XVHG�RU�PDQXIDFWXUHG�LQ�WKH�8QLWHG�6WDWHV�

� &RQWLQXH�WR�SURPRWH�SROOXWLRQ�UHGXFWLRQ�LQ�WKH�*UHDW�:DWHUV�WKURXJK�ORFDO��UHJLRQDO�
DQG�IHGHUDO�LQLWLDWLYHV��DV�ZHOO�DV�FRRUGLQDWHG�LQWHUQDWLRQDO�HIIRUWV��DQG

� $VVHVV�HFRQRPLF�FRVWV�DQG�EHQHILWV�DVVRFLDWHG�ZLWK�UHGXFWLRQV�RI�SROOXWDQWV�WR�WKH
*UHDW�:DWHUV��LQFOXGLQJ�LGHQWLI\LQJ�DQG�TXDQWLI\LQJ��ZKHUH�SRVVLEOH��HFRQRPLF
LPSDFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�DQG�HIIHFWV�LQGLFDWRUV�VXFK�DV�ILVK�DGYLVRULHV�
KDELWDW�GHFOLQH��GLPLQLVKHG�VSHFLHV�GLYHUVLW\��ILVK�NLOOV��DQG�GHFOLQLQJ�RU�FRQWDPLQDWHG
VKHOOILVK�DQG�ILVK�SRSXODWLRQV�
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*UHDW�:DWHUV�3ROOXWDQWV�RI�&RQFHUQ�DQG�5HDVRQV�IRU�,QFOXVLRQ � � � � � � � � � � � � � � � � � � � � � ���
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V�$SSURSULDWH�5DQJH�RI

5LVN�WR�+XPDQ�+HDOWK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,,,�� 6XPPDU\�RI�$WPRVSKHULF�7UDQVSRUW�DQG�'HSRVLWLRQ�0RGHOV�$SSOLHG�WR�WKH�*UHDW�:DWHUV � � � � � � ���
,9�� $WPRVSKHULF�/RDGLQJ�(VWLPDWHV�IRU�6HOHFWHG�3ROOXWDQWV�LQ�WKH�*UHDW�/DNHV � � � � � � � � � � � � � � � � � � � ���
,9�� $YHUDJH�(VWLPDWHG�$WPRVSKHULF�/RDGLQJV�RI�6HOHFWHG�3ROOXWDQWV�WR�WKH�*UHDW�/DNHV������������ � ���
,9�� 6SHFLILF�3ROOXWDQW�5HGXFWLRQ�*RDOV�8QGHU�WKH�*UHDW�/DNHV�%LQDWLRQDO�7R[LFV

6WUDWHJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� 6XPPDU\�RI�6RPH�0DMRU�3URJUDPV�WR�$GGUHVV�$WPRVSKHULF�&RQWDPLQDWLRQ�LQ�WKH�*UHDW�/DNHV � ����
,9�� &RPSDULVRQ�RI�0HDQ�7RWDO�$WPRVSKHULF�0HUFXU\�&RQFHQWUDWLRQV��*DVHRXV�DQG�3DUWLFXODWH�3KDVHV

DQG�LQ�3UHFLSLWDWLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� &RPSDULVRQ�RI�$QQXDO�0HUFXU\�'HSRVLWLRQ�(VWLPDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� &KHVDSHDNH�%D\�%DVLQ�1XWULHQW�5HGXFWLRQ�DQG�/RDGLQJ�&DSV�E\�0DMRU�7ULEXWDU\�%DVLQ � � � � � � � ���
,9�� 1LWURJHQ�5HWHQWLRQ�$VVXPSWLRQV�8VHG�LQ�&KHVDSHDNH�%D\�/RDGLQJ�6WXGLHV � � � � � � � � � � � � � � � � � ����
,9�� $QQXDO�$WPRVSKHULF�/RDGLQJV�RI�7UDFH�0HWDOV�DQG�2UJDQLF�&RQWDPLQDQWV�WR�WKH�&KHVDSHDNH�%D\����
,9��� 5HODWLYH�,PSRUWDQFH�RI�6RXUFHV�RI�7UDFH�0HWDOV�DQG�2UJDQLF�&RQWDPLQDQWV�WR�&KHVDSHDNH�%D\ � ����
,9��� (VWLPDWHV�RI�$WPRVSKHULF�1LWURJHQ�/RDGLQJV�WR�6HOHFWHG�&RDVWDO�:DWHUV � � � � � � � � � � � � � � � � � � � ����
,9��� 6WXGLHV�RI�$WPRVSKHULF�/RDGLQJV�RI�7R[LF�3ROOXWDQWV�WR�1(3�&RDVWDO�:DWHUV � � � � � � � � � � � � � � � ����
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,�� /RFDWLRQV�RI�WKH�*UHDW�:DWHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
,,�� $VVHVVLQJ�&RQWDPLQDWLRQ�LQ�D�:DWHUERG\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,,�� 5ROH�RI�$K�5HFHSWRU�LQ�%LRORJLFDO�5HVSRQVHV�WR�'LR[LQ�([SRVXUH � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,,,�� $WPRVSKHULF�'HSRVLWLRQ�3URFHVVHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� *UHDW�/DNHV�%DVLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� 3&%V�DQG�''7�LQ�/DNH�7URXW�IURP�/DNH�0LFKLJDQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� 6HDVRQDO�$WPRVSKHULF�/RDGLQJV�RI�3&%V�LQ�/DNH�0LFKLJDQ������� � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� $WPRVSKHULF�/RDGLQJV�RI�/HDG�WR�WKH�*UHDW�/DNHV������������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9�� $WPRVSKHULF�0RQLWRULQJ�6LWHV�LQ�WKH�*UHDW�/DNHV�5HJLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� /DNH�&KDPSODLQ�%DVLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� $WPRVSKHULF�0HUFXU\�LQ�/DNH�&KDPSODLQ�%DVLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� &KHVDSHDNH�%D\�:DWHUVKHG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9�� 0DMRU�7ULEXWDU\�%DVLQV�RI�WKH�&KHVDSHDNH�%D\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� &KHVDSHDNH�%D\�$LUVKHG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� 12 �(PLVVLRQ�6RXUFHV�LQ�WKH�0DMRU�%D\�,QIOXHQFLQJ�6WDWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����[

,9��� 5$'0�7RWDO��:HW�DQG�'U\��1LWUDWH�'HSRVLWLRQ�IURP�8WLOLW\�6RXUFHV� � � � � � � � � � � � � � � � � � � � � � � ����
,9��� 5$'0�7RWDO��:HW�DQG�'U\��1LWUDWH�'HSRVLWLRQ�IURP�0RELOH�6RXUFHV � � � � � � � � � � � � � � � � � � � � � ����
,9��� :DWHUVKHG�DQG�(VWXDU\�0RGHO�,QWHJUDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� ,QWHJUDWHG�0RGHO�,PSURYHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� 5HGXFWLRQV�LQ�$QR[LD�8QGHU�1XWULHQW�5HGXFWLRQ�6FHQDULRV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
,9��� 6DPSOLQJ�/RFDWLRQV�IRU�&KHVDSHDNH�%D\�7R[LF�&RQWDPLQDQW�$WPRVSKHULF

'HSRVLWLRQ�6WXGLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� &RPSDULVRQ�RI����3$+V�DQG�7RWDO�3&%V�LQ�3UHFLSLWDWLRQ��������IURP

&KHVDSHDNH�%D\�DQG�*UHDW�/DNHV�6DPSOLQJ�6LWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� &RPSDULVRQ�RI�&KHVDSHDNH�%D\�DQG�*UHDW�/DNHV�$WPRVSKHULF�'HSRVLWLRQDO

)OX[HV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
,9��� /RFDWLRQV�RI�1(3�DQG�1(556�6LWHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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$K $U\O�K\GURFDUERQ
$2& $UHD�RI�&RQFHUQ
$460 $LU�TXDOLW\�VLPXODWLRQ�PRGHO
$76'5 $JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\
$:4& $PELHQW�ZDWHU�TXDOLW\�FULWHULRQ�RU�FULWHULD
%�D�3 %HQ]R�D�S\UHQH
&$$ &OHDQ�$LU�$FW
&%$'6 &KHVDSHDNH�%D\�$WPRVSKHULF�'HSRVLWLRQ�6WXG\
&%26 &KHVDSHDNH�%D\�2EVHUYLQJ�6\VWHP
&%3 &KHVDSHDNH�%D\�3URJUDP
&&03 &RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQ
&0% &KHPLFDO�PDVV�EDODQFH
&:$ &OHDQ�:DWHU�$FW
''' 'LFKORURGLSKHQ\OGLFKORURHWKDQH
''( 'LFKORURGLSKHQ\OGLFKORURHWK\OHQH
''7 'LFKORURGLSKHQ\OWULFKORURHWKDQH
'(6 'LHWK\OVWLOEHVWURO
G/ 'HFLOLWHU
(0$3 (QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW�3URJUDP
(3$ 8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\
)'$ )RRG�DQG�'UXJ�$GPLQLVWUDWLRQ
J *UDP
*/:4$ *UHDW�/DNHV�:DWHU�4XDOLW\�$JUHHPHQW
*/:4% *UHDW�/DNHV�:DWHU�4XDOLW\�%RDUG
*/:4& *UHDW�/DNHV�:DWHU�4XDOLW\�&ULWHULD
*/:4* *UHDW�/DNHV�:DWHU�4XDOLW\�*XLGDQFH
*/:42 *UHDW�/DNHV�:DWHU�4XDOLW\�2EMHFWLYH
*03 *XOI�RI�0H[LFR�3URJUDP
+$3 +D]DUGRXV�DLU�SROOXWDQW
+&% +H[DFKORUREHQ]HQH
��+&+����+&+ DOSKD�+H[DFKORURF\FORKH[DQH��JDPPD�+H[DFKORURF\FORKH[DQH
+J 0HUFXU\
,$'1 ,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN
,-& ,QWHUQDWLRQDO�-RLQW�&RPPLVVLRQ
NJ .LORJUDP
NP��NP ��NP .LORPHWHU��VTXDUH�NLORPHWHU��FXELF�NLORPHWHU� � �

/ /LWHU
/D03 /DNHZLGH�0DQDJHPHQW�3ODQ
/&%3 /DNH�&KDPSODLQ�%DVLQ�3URJUDP
/08$76 /DNH�0LFKLJDQ�XUEDQ�DLU�WR[LFV�VWXG\
/4(5 /HVVHU�TXDQWLW\�HPLVVLRQ�UDWHV
0$&7 0D[LPXP�DFKLHYDEOH�FRQWURO�WHFKQRORJ\
0&/ 0D[LPXP�FRQWDPLQDQW�OHYHO
P ��P 6TXDUH�PHWHU��FXELF�PHWHU� � �

)J��XJ 0LFURJUDP
PJ 0LOOLJUDP
1$$46 1DWLRQDO�DPELHQW�DLU�TXDOLW\�VWDQGDUG
1$'3 1DWLRQDO�$WPRVSKHULF�'HSRVLWLRQ�3URJUDP
1$3$3 1DWLRQDO�$FLG�3UHFLSLWDWLRQ�$VVHVVPHQW�3URJUDP
1(3 1DWLRQDO�(VWXDU\�3URJUDP
1(556 1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP
QJ 1DQRJUDP
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12$$ 1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ
12 2[LGHV�RI�QLWURJHQ[

16	7 1DWLRQDO�6WDWXV�DQG�7UHQGV
2$436 2IILFH�RI�$LU�4XDOLW\�3ODQQLQJ�DQG�6WDQGDUGV
27& 2]RQH�7UDQVSRUW�&RPPLVVLRQ�
3$+ 3RO\F\FOLF�DURPDWLF�K\GURFDUERQ
3&$ 3ULQFLSDO�FRPSRQHQW�DQDO\VLV
3&% 3RO\FKORULQDWHG�ELSKHQ\O
S*/:4& 3URSRVHG�*UHDW�/DNHV�ZDWHU�TXDOLW\�FULWHULD
320 3RO\F\FOLF�RUJDQLF�PDWWHU
SSE��SSP 3DUWV�SHU�ELOOLRQ��SDUWV�SHU�PLOOLRQ
5$'0 5HJLRQDO�$FLG�'HSRVLWLRQ�0RGHO
5$3 5HPHGLDO�$FWLRQ�3ODQ
5$3,'6 5HJLRQDO�$LU�3ROOXWDQW�,QYHQWRU\�'HYHORSPHQW�6\VWHP
5(/0$3 5HJLRQDO�/DJUDQJLDQ�0RGHO�RI�$LU�3ROOXWLRQ
5(06$' 5HJLRQDO�0RGHOLQJ�6\VWHP�IRU�$HURVROV�DQG�$WPRVSKHULF�'HSRVLWLRQ
530 5HJLRQDO�3DUWLFXODWH�0RGHO
6$% 6FLHQFH�$GYLVRU\�%RDUG
6$9 6XEPHUJHG�DTXDWLF�YHJHWDWLRQ
6(7$& 6RFLHW\�RI�(QYLURQPHQWDO�7R[LFRORJ\�DQG�&KHPLVWU\
62/(& 6WDWH�RI�WKH�/DNHV�(FRV\VWHP�&RQIHUHQFH
7%$'6 7DPSD�%D\�$WPRVSKHULF�'HSRVLWLRQ�6WXG\
7&'' 7HWUDFKORURGLEHQ]R�S�GLR[LQ
7&') 7HWUDFKORURGLEHQ]RIXUDQ
75,$'6 7H[DV�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�6WXG\
76&$ 7R[LF�6XEVWDQFHV�&RQWURO�$FW
92& 9RODWLOH�RUJDQLF�FRPSRXQG
\U <HDU


